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ABSTRACT 

SAFETY ANALYSIS OF EXPERIMENTS PROPOSED FOR IRRADIATION I N  FFTF 

D. D. ~ tepnews 'k i  an-d J. C.  Van Keuren 

Hanford Engineer ing Deve1opment.Laboratory 

A safety analysis of a l l  experiments t o  be irradi-  
ated i n  FFTF i s  required t o  demonstrate that  the 
experiment does not const i tute  a hazard t o  the re- 
actor or the public. This paper s m a r i z e s  the 
r e v i m  procedure, tfie scope o f  the analysis and 
safety acceptance cr i ter ia .  



The FTR i s  des igned . t o  i r r a d i a t e  f u e l s  and s t r u c t u r a l  m a t e r i a l s  

i n  an environment p r o t o t y p i c a l  o f  l a r g e  LClFBRs. A v a r i e t y  o f  

concepts  have been suggested as p o s s i b l e  . f u e l s  and s t r u c t u r a l  

m a t e r i a l s  f o r  breeder  r e a c t o r s  so i t  i s  d e s i r a b l e  t o  ach ieve  

f l e x i b i l i t y  i n  e s t a b l i s h i n g  acceptance c r i t e r i a  f o r  t e s t s .  . A  

s a f e t y  r ev i ew  o f  each t e s t  i s  r e q u i r e d  i n  o r d e r  t o  p r o t e c t  t h e  

r e a c t o r  and t h e  p u b l i c  f rom any consequences of  an exper iment  

f a i l u r e .  T h i s  paper desc r i bes  t h e  rev iew  procedure and ' d i s -  

cusses t h e  scope and t h e  acceptance c r i t e r i a  f o r  s a f e t y  analyses 

o f  exper iments .  The sa fe t y  requ i rements  a r e  in tended t o  be con- 

s i  s t e n t  w i t h  ANSI N401-1974, "Review o f  Experiments f o r  Research 

Reactors .  " 

The genera l  c r i t e r i a  f o r  t e s t  a c c e p t a b i l i t y  a r e  as f p l l o w s :  
. . . .. 

e The t e s t  l o a d i n g  must be i n  compl iance w i t h  t h e  FFTF P l a n t  

Techn ica l  S p e c i f i c a t i o n s .  

Each t e s t  must be.. capable o f  respond ing  t o  FFTF des ign  t r a n -  

s i e n t s  w i t h o u t  incre,asin,g t h e  . s e v e r i t y  . o f  the rma l .  t r a n s i e n t s  

on p l a n t  components. Proposed . . excep t ions  must be suppor ted  . . 

by  s t r e s s  analyses.  . . .  . .  

e Each t e s t  must. he capable o f  w i t h s t a n d i n g  dcs ign  t r a n s i e n t s  

w i t h o u t  exceeding sa fe t y  l i m i t s  e s t a b l i s h e d  and j u s t i f i e d  f o r  . . 

each t e s t .  

Each t e s t  must be capable of accommodating i n t e r n a l  f a i l u r e  

w i t h o u t  p ropaga t i on  o f  damage beyond t h e  t e s t  boundary. 

e The t e s t  l o a d i n g  must n o t  i n c r e a s e  t h e  p o t e n t i a l  f o r  a  hypo- 

t h e t i c a l  c o r e  d i s r u p t i v e  a c c i d e n t  (HCDA) n o r  i nc rease  t h e  

p o t e n t i  a1 e n e r g e t i c s  and pos t -acc i  dent  hea t  removal (PAHR) 

requ i rements  o f  an HCDA beyond t h e  e s t a b l i s h e d  cnvelope o f  

p l a n t  capabi 1  i ty.  



The exper iment  r ev i ew  process c o n s i s t s  of  t h e  f o l l o w i n g  main 

elements:  

1. Review f o r  t e c h n i c a l  f e a s i b i l i t y  

. . 

.2. Review o f  t h e  Tes t  Design D e s c r i p t i o n  (TDD) Volumes 1A and 1B 

. . 

3. Independent S a f e t y  A n a l y s i s  

4. Review o f  TDD Volume I 1  

The rev iew  f o r  t e c h n i c a l  f e a s i b i l i t y  c o n s i s t s  o f  an i n i t i a l  eva lu -  

a t i o n  o f  t h e  genera l  concept  o f  t h e  exper iment  aimed a t  i d e n t i f y -  

i n g  un ique sa fe t y  i ssues .  A  d e t a i l e d  . . r e v i ew  o f  the exper iment  

occurs when t h e  exper imente r  submi ts  TDD Volumes . 1 A  and 1B. . Vo l -  

ume 1A i s  t h e  d e t a i l e d  d e s c r i p t i o n  of t h e  exper iment and i n c l u d e s  

t h e  s a f e t y  a n a l y s i s .  Volume 1B i s  t h e  f a b r i c a t i o n  requ i rements  

. . . . and i n c l u d e s  t h e  t e s t .  d raw ings .  .The requ i rements  f o r .  these  .docu- . . .  . ' . ,  
.. . ments a r e  g i v e n  t h e  "FTR Users '  Guide" . (Reference 1  ) .  

A f t e r  comp le t i on  o f  t h e  rev iew  o f  TDDlA and t ransmiss ion  o f  com- . , 

ments t o  t h e  exper imenter ,  a  separate,  complete s a f e t y  a n a l y s i s  

i s  independent l y  per formed ' a t  HEDL. A f t e r  comple t ion  o f  t h e  i n -  

dependent a n a l y s i s ,  t h e  r e s u l t s  a r e  compared w i t h  t h e  expe r imen te r ' s  

s a f e t y  a n a l y s i s  and any d j f f e r e n c e s  must be r e c o n c i l e d .  The f i n a l  

s tage  o f  t h e  rev iew  i s  based on TDD-I1 which g i ves  t h e  a s - b u i l t  

d e s c r i p t i o n  o f  t h e  exper iment .  Any d i f f e r e n c e s  between the des ign  

upon which t h e  sa fe t y  a n a l y s i s  was based and t h e  a s - b u i l t  c o n f i g u r a -  

t i o n  a r e  assessed f o r  s a f e t y  impac t .  I f  requ i red ,  t h e  s a f e t y  

a n a l y s i s  i s  r e v i s e d  t o  i n c l u d e  t h e  e f f ec t s  of  non-conformances. 

A  d e c i s i o n  i s  then  made on t h e  s a f e t y  a c c e p t a b i l i t y  o f  t h e  ex- 

per iment  and any r e s t r i c t i o n s  r e q u i r e d  f o r  t h e  ope ra t i on  o f  t h e  

. t e s t  a r e  es tab l i shed .  



The scope o f  t h e  S a f e t y  Ana l ys i s  i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  ca te -  

g o r i e s  : 

1. Experiment S a f e t y  L i m i t s  

2. Normal Ope ra t i on  

3. Off-Normal Events 

4. F a i l u r e  A n a l y s i s  

5. HCDA 

6. Seismic A n a l y s i s  

7.  C r i t i c a l i t y  and Tes t  Hand1 i,ng c o n s i d e r a t i o n s  

The scope of t h e  s a f e t y  a n a l y s i s  per formed by HEDL and t h e  e x p e r i -  

menter i s  t h e  same except  t h a t  i tems 5 and 6 a r e  performed by HEDL 

as a  s e r v i c e  t o  exper imenters .  

The exper imente r  i s  r e q u i r e d  t o  e s t a b l i s h  and j u s t i f y  s a f e t y  l i m i t s  

f o r  t h e  t e s t .  He must then  show t h a t  these l i m i t s  would n o t  be 

exceeded shou ld  any o f  t h e  a n t i c i p a t e d  ( u p s e t )  o r  u n l i k e l y  (emer- 

gency) t r a n s i e n t s  d e f i n e d  f o r  t h e  r e a c t o r  ' occur .  As a  r u l e  c l a d d i n g  

i n t e g r l t y  I s  a s u l t a b l e  s a f e t y  l i m i t  for..f~uel.ed,experi,ments. . . 

Spec ia l  t e s t s  such as a  r u n - t o - c l a d d i n g  breach t e s t  r e q u i r e  an 

excep t i on  t o  t h i s  r u l e .  

The normal o p e r a t i o n  e v a l u a t i o n  o f  t h e  t e s t  cons iders  normal f u e l  

behav io r  i n c l u d i n g  r e s t r u c t u r i n g ,  ' f i s s i o n  gas l oad ink ,  c l a d d i n g  swel-  

l i n g  and f u e l - c l a d d i n g  i n t e r a c t i o n .  The o b j e c t i v e  o f  t h i s  eva lua-  

t i o n  i s  t o  show t h a t  t h e  t e s t  has a  p r e d i c t a b l e  chance o f  ach iev -  

i n g  i t s  i r r a d i a t i o n  l i f e  o b j e c t i v e s  w i t h  s u f f i c i e n t  marg in  r e l a t i v e  

t o  i t s  c l a d d i n g  i n t e g r i t y  l i m i t s  t h a t  t h e  t e s t  cou ld  w i t h s t a n d  a  

p rescr ' l bed  n u m b e r o f  o f f - no rma l  events .  



The o f f - no rma l  e v a l u a t i o n  s u b j e c t s  t h e  exper iment  t o  t h e  des ign  

t r a n s i e n t s  d e f i n e d  f o r  t h e  r e a c t o r .  T y p i c a l l y ,  an exper iment  i n -  

tended f o r  300 FPD exposure i s  eva lua ted  f o r  w i t h s t a n d i n g  30 no r -  

mal scrams, p l a n t  p r o t e c t i o n  system te rm ina ted  r e a c t i v i t y  t r a n -  

s i e n t s  o f  0.5, 3.4 and 24.3Q/sec, and l o s s  o f  f l o w  events  such as 

l oss .  o f  e l e c t r i c a l  power. The exper imente r  i s  a l s o  r e q u i r e d  t o  

i d e n t i f y  and ana lyze  any t r a n s i e n t  t h a t  m i g h t  be un ique t o  t h e  

exper iment  (such as l o s s  o f  bond i n  a  sodium bonded f u e l  ' p i n  ex- 

pe r imen t ) .  

The i r r a d i a t i o n  of an exper iment  i n v o l v e s  t h e  r i s k  o f  a  t e s t  f a i l -  

u r e  s i n c e  t h e  f a c t  t h a t  an exper iment  i s  be ing  conducted i m p l i e s  . , 

t h a t  some performance unknowns e x i s t .  For  t h i s  reason, a fa i .1ure  
. .. . 

a n a l y s i s  i s '  r e q u i r e d  f o r  a1 1 'exper iments .  '   he i n t e n t  o f  t h e  f a i l -  
.. u r e  a n a l y s i s  i s  t o  demonstrate t h a t  t h e  f a i l u r e  consequence would 

n o t  propagate beyond t h e  exper iment  boundary and t h a t  e f f e c t s  on 

t h e  r e a c t o r  and hea t  t r a n s p o r t  system would be w i t h i n  accep tab le  

l i m i t s .  Types of  f a i l u r e s  cons idered  a r e  s t o c h a s t i c  p i n  f a i l u r e ,  

p a r t i a l  f l o w  b lockages,  and unexpected f a i  1  u res  induced by des ign 

t r a n s i e n t s .  
.. - 

The h y p o t h e t i c a l  co re  d i s r u p t i v e  a c c i d e n t  has been e x t e n s i v e l y  

ana lyzed  f o r  t h e  FFTF core  (Reference 2 ) .  T h e  i n t e n t  o f  t h e  H C D A  

a n a l y s i s  o f  t h e  exper iment  i s  t o  d e m o n s t r a t e ' t h a t  t h e  exper iment  

does n o t  i nc rease  the  e n e r g e t i c s  o f  t h e  HCDA o r  i t s  mechanical  

consequences beyond t h e  envelope e s t a b l i s h e d  f o r  t he  FFTF d r i v e r  

core.  

The FTR r e a c t o r  has been ana lyzed  f o r  response t o  a des ign  b a s i s  

ear thquake.  An e v a l u a t i o n  i s  r e q u i r e d  f o r  a l l  exper iments  t o  

demonstrate t h a t  under DBE c o n d i t i o n s  t h e  r e a c t o r  would n o t  sus- 

t a i n  damage, by v i r t u e  o f  t h e  presence of t h e  exper iment,  which ex- 

ceeds t h e  envelope e s t a b l i s h e d  f o r  t h e  r e a c t o r .  



C r i t i c a l  i ty  and Tes t  hand1 i n g  r e v i e ~ v  a n a l y s i s  r e q u i r e s  t h e  d e t e r -  

m i n a t i o n  o f  t h e  minimum c r i t i c a l  c o n f i g u r a t i o n  f o r  exper iment  and 

any un ique s a f e t y  c o n s i d e r a t i o n s  t h a t  m j v h t  be i n v o l v e d  i n  t h e  

i n s e r t i o n  o r  removal of  t h e  exper iment  f rom t h e  r e a c t o r ,  and sub- 

sequent s to rage  of  t h e  exper iment .  

CONCLUSIONS 

A comprehensive safet .y e v a l u a t i o n  o f  a l l  exper iments  proposed f o r  

i r r a d i a t i o n  i n  FFTF i s  per formed by ' t h e  exper imente r  and indepen- 

d e n t l y  by HEDL. The scope o f  t h e  a n a l y s i s  i n c l u d e s  e v a l u a t i o n  o f  

e f f ec t s  of r e a c t o r  des ign  t r a n s i e n t s  and a  f a i l u r e  a n a l y s i s .  The 

o b j e c t i v e  o f  t h e  s a f e t y  eva l  u a t i o n  i s  accommodation o f  exper iments  

w i t h  an a p p r o p r i a t e  l e v e l  o f  p r o t e c t i o n  f o r  t h e  r e a c t o r  p l a n t  and 

t h e  p l a n t  env i r ons .  
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